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CHAPTER I. GENERAL INTRODUCTION 
INTRODUCTION 
Com and soybean are the main row crops in Iowa, and this state is the largest 
producer of these grains in the USA (USDA, 2004). In 2002, 17.7 and 28.6% of the area 
dedicated to com and soybean respectively was under no tillage (Agronomy Extension-ISU, 
2004). No tillage has environmental advantages compared to other tillage systems used in 
Iowa and the Midwest. These environmental advantages are related to the reduction in soil 
erosion and transport of nutrient adsorbed on soil particles, and thus improvements in quality 
of water that reach lakes and streams (Baker et al., 2001). On the other hand, producers have 
concerns about low soil temperatures, wetter soil, and high soil strength under no tillage -
mainly for com production. To address this combination of concerns strip tillage has been 
increasingly used for com production. Tillage and surface residue management (reduction or 
removal) can help warm the soil in the row for planting, while keeping the interrow zone 
mulched can reduce erosion and surface run-off (Larson, 1964; Griffith and Wollenhaupt, 
1994). From a research point of view knowing that different tillage system produce different 
soil environmental conditions on a given date, knowing that common soil environmental soil 
conditions across all tillage systems will likely occur on different dates, and knowing that 
crops respond to planting date suggests that planting com based on soil conditions specific to 
each tillage system could lead to tillage by planting date interaction not addressed in the 
literature. In spite of this knowledge, tillage research has been overwhelmingly based on 
calendar date, rather on soil conditions. This approach causes different tillage system planted 
the same day to have different growing conditions, so bias could be introduced in the analysis 
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of the results. Conversely, if each tillage system is planted when prescribed soil conditions, 
especially soil water and temperature, are reached within each system different planting dates 
will result, which we know can influence yield. If this hypothesis is true most of the 
conclusions and recommendations drawn from published tillage literature could change. 
Different authors have modified surface residue distribution in an attempt to achieve 
optimal soil conditions in the row zone, and maintain the interrow mulched, mainly for com 
production (Kaspar et al., 1990; Azooz et al., 1995; Vetsch and Randall, 2002). The tillage 
system that alternates a bare row zone and a mulched interrow is called strip tillage, or zone 
tillage. CTIC (2004) defines no tillage/strip tillage such that the soil is left undisturbed from 
harvest to planting except for strips up to 1/3 of the row width (strips may involve only 
residue disturbance or may include residue and soil disturbance). This generates more 
spatially diverse soil environmental conditions for crop growth than typically occurs with 
spatially uniform tillage systems. 
Landscape position, topography, drainage, soil texture and other soil properties also 
influence soil water and temperature conditions, and soil erosion losses. A reasonable goal 
for soil management involves identifying the level of soil and residue disturbance necessary 
to optimize soil environmental conditions for the com plant and residue cover for soil 
conservation. In order to design a tillage system that produce a residue-free band-width 
according to site specific soil properties and crop needs, the use of a model that can capture 
the effect of surface residue management, soil non-uniformities, i.e., row zone tillage, and 
tillage is necessary. 
Considering the two issues mentioned above, tillage by planting date interaction and 
site specific strip tillage opportunities, this thesis has the following objectives: 
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The first objective is to test the performance of strip tillage, no tillage, and 
conventional tillage when each system is planted on the day that optimum soil temperature 
and water conditions for planting are reached for each system. 
The second objective is to conduct a soil temperature sensitivity analysis to residue-
free band-width, and tillage depth with strip tillage using the TRANSPOR model (Benjamin, 
1989; Benjamin et al., 1990). 
This thesis includes a general introduction, chapter I entitled, " Tillage system by 
planting date interaction effects on com and soybean yield"; chapter II entitled, "Effect of 
residue-free band-width on soil temperature and water conditions using TRANSPOR model"; 
and chapter III general conclusions. References cited in general introduction, chapter I and II 
will be listed at the end of each chapter. At the end appendices of the original data and 
statistical analyses will be presented. Chapter I and II will be submitted to an appropriate 
scientific journal for publication. 
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CHAPTER 2. TILLAGE SYSTEM BY PLANTING DATE 
INTERACTION EFFECTS ON CORN AND SOYBEAN YIELD 
A paper to be submitted to Agronomy Journal 
Mario Perez Bidegain and Richard M.Cruse 
ABSTRACT 
Tillage systems affect soil water content and soil temperature. Research studies show 
corn and soybean yield are sensitive to planting date. Most tillage research is conducted 
based on calendar day planting date instead of planting when soil conditions are appropriate 
for each tillage system. This approach does not consider a possible tillage system by planting 
date interaction that is due to different soil conditions for each tillage system at planting. If 
this interaction is detected and if it has a significant effect on crop yield, most of the 
conclusions that have been drawn in the literature could change. 
The objective of this study was to test the performance of strip tillage (ST), no tillage 
(NT), and conventional tillage (CT) when each system is planted on the day that optimum 
soil temperature and water conditions for planting are reached for each system A second 
objective was to determine the effects of ST, NT, and CT on corn (Zea mays L.) and soybean 
(Glycine max L.) yield. Two experiments were conducted on soils of the Noadway-Zook-
Nevin association in central Iowa in 2002 and 2003. Nine treatments, three tillage systems 
(main plots), with three different planting dates were arranged in a split-plot design with four 
replicates. Corn planting dates were April 11 (Pl), April 16 (P2), and May 5 (P3) in 2002. In 
2003, corn planting dates were April 15 (Pl), May 13 (P2), and May 19 (P3). Soybean 
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planting dates were May 5 (Pl), May 22 (P2), and June 7 (P3) in 2002. In 2003, soybean 
planting dates were May 21 (Pl), May 27 (P2), and June 11 (P3). Planting date was 
established for each tillage system and for each crop when soil temperature was greater than 
10°C (for com), and 13°C (for soybean) for 12 consecutive hours at the 5-cm depth, and soil 
water content was at, or below, the lower plastic limit water content. At Pl, CT and ST were 
at optimum conditions to plant, and at P2 optimum conditions were reached for NT in both 
experiments in 2002 and 2003. The third date was selected as a typical calendar planting time 
based on planting date for this area. A tillage system effect on com yield was not detected 
when a prestablished soil temperature and water content criteria were used to determine the 
date of planting each system. On the other hand, planting date has an effect on com yield in 
both years. 
A tillage system by planting date interaction was detected on soybean yield in 2003, 
when drought conditions existed during the second half of July, and August. NT had more 
stable soybean yield across planting dates, thou the other tillage systems. 
INTRODUCTION 
Crops respond to changes in soil environment. Through different tillage systems, soil 
conditions that affect the soil environment are changed. Tillage systems affect soil water and 
soil temperature regimens, soil aeration, nutrient availability, and soil strength (Larson and 
Osborne, 1982). 
Soil water content differences caused by tillage management are reported in different 
studies. Erbach et al. (1986) reported higher water content in top 0.2-m in no tillage than 
molboard plow treatments, but in a year with frequent replenishment of water by rainfall 
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these differences did not exist. Vetsch and Randall (2002) reported differences in gravimetric 
soil water content among conventional tillage, strip tillage, and no tillage. Strip tillage had 
slightly higher soil water content between 0.1-0.2-m, and 0.2-0.3-m depth than did 
conventional and no tillage 
Tillage system affects the amount and distribution of surface residue. Different 
amounts and surface distribution affect soil temperature regime (Horton et al., 1994). The 
largest effect of mulched surfaces is on maximum soil temperature at the planting depth 
(Burrows and Larson, 1962). 
Kaspar et al. (1990) observed a 4.2 to 6.8 °C reduction in maximum soil temperature 
at 5-cm depth with a mulched surface depending on the type of mulch and year. The study 
period was between the last week of May and second week of June, in a clay loam soil. In a 
silt loam soil, Johnson and Lowery (1985), in Wisconsin, reported soil maximum 
temperature 5.9 and 4.2°C lower at 5 cm in no tillage than conventional tillage. But, by the 
end of June these differences were reduced to less than 1°C. 
Moldboard plow, chisel plow, and no tillage did not differ in bulk density, total 
porosity, and aeration porosity one month after corn was planted in a clay loam soil (Bauder 
et al., 1981). But, the authors reported that no attempts were made to distinguish between 
trafficked and non-trafficked areas. 
Soil strength can limit root growth, root distribution, seedling emergence, and nutrient 
up take (Bowen, 1981; Garcia, 1986). Resistance to penetration is generally used as indicator 
of soil resistance to root growth. Drury et al. (2003) reported conventional tillage in a clay 
loam soil reduced cone index compared to no tillage when cone index is averaged over the 0-
0.2-m depth in a dry year. But, in a wet year no tillage did not differ statistically from 
conventional and zone tillage. 
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Current com planting date recommendations for Iowa and Central and Northern Com 
belt are summarized in Farnham (2001) and Hicks et al. (1991). Several research studies 
show effects of planting date on com yield. Imholte and Carter (1987) reported highest com 
grain yield on conventional and no tillage when planting was completed by early May. In a 
year when com planting dates were conducted in a period of 22 day from May 5 to May 27 
tillage had a small influence on com yield. Nafziger (1994), in a four year study, suggested 
the last week of April as the optimum planting date for com in Illinois with accelerating yield 
loss as the com is planted earlier or later. In spite of this general trend, in a year with delayed 
planting due to wet conditions, late planting date (third week of May) performed better than 
an earlier planting date. Lauer et al. (1999) reported a reduction in com yield after May 8 in 
Wisconsin. In this study com hybrids ranged from 80 to 115 day relative maturity, and 
planting dates ranged from April 19 to June 22. In a two-year study in Ames and Nashua, 
Iowa, Ramsel (2001) reported a decrease in yield as planting date is delayed after the middle 
of May. 
Actual soybean planting date recommendations for Iowa are reported in Whigham et 
al., 2000. Oplinger and Philbrook (1992) reported soybean yield decreased when soybean are 
planted after May 30. On the other hand, Turman et al. (1995) did not report a planting date 
effect on soybean yield for planting dates ranging from the middle of May until first week of 
July in a silt loam soil. A study by Elmore (1990) found similar results. Pedersen and Lauer 
(2003) found soybean yield response to planting date in a sandy soil in Arlington, WI, but 
they concluded that planting date is not a critical factor. Soybean cultivar selection decisions 
should be based on the highest yielding cultivar for a given region. 
Although, tillage systems produce different soil water and temperature conditions 
which result in different ideal planting dates and crops respond to planting date, most of 
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tillage research is conducted based on calendar date. This approach does not consider a 
possible tillage system by planting date interaction caused by different soil conditions at 
planting time for each tillage system. Eckert (1984) detected a tillage by planting date 
interaction on com yield, but it did not follow any particular pattern. He concluded that there 
was no advantage in delaying no tillage planting to allow warmer soil in a well-drained soil. 
On the other hand, Herbek et al. (1986) observed a trend for increased com yield under no 
tillage when planting date changed from late April to middle of May. These authors worked 
in a poorly drained soil. In years of cool and wet spring, they suggested delaying no tillage 
com planting two week after conventional tillage will cause no important com grain losses. 
Dywer et al. (2000) suggested that com planted under cool and wet conditions with no tillage 
or reduced tillage could reduce com yield. 
Elmore (1990), and Turman et al. (1995) did not detect tillage system by planting 
dates interaction on soybean yield. Because producers select planting dates based on soil 
conditions, planting dates vary between tillage systems in most farm fields. Researchers have 
assumed these real world planting date differences are unimportant in designing tillage 
studies. Even though various studies show planting date can be important. That is, most 
studies plant all tillage systems on a given day. If a tillage system by planting date interaction 
exists, planting on a given date introduces bias in the data, and most tillage system 
recommendations drawn from the literature could change. 
The objective of this study was to test the performance of strip tillage (ST), no tillage 
(NT), and conventional tillage (CT) when each system is planted on the day that optimum 
soil temperature and water conditions for planting are reached for each system. 
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MATERIALS AND METHODS 
Two experiments were established on soils of the Noadway-Zook-Nevin Association 
near Newton, IA in 2002 and 2003. Three soils were present on the experimental site: a 
Judson silt loam (fine silty, mixed, mesic Cumulic Hapludolls), a Nevin silty clay loam (fine 
silty, mixed, mesic, Aquic Hapludolls), and a Zook silty clay loam (fine, montmorillonitic, 
mesic, Cumulic Haplaquolls). Climatic conditions were recorded at the experimental site 
(Figure 1 and 2). In both experiments a split plot design was used with whole plots arranged 
in four randomized complete blocks. Three tillage treatments (conventional tillage (CT), strip 
tillage (ST), and no tillage (NT)) were applied as whole plots. Three planting dates were 
included as split plots. Each whole plot measured 13.68-m wide, 30-m long, and had eighteen 
0.76-m rows. Each split plot was 4.56-m wide, and 30m long, and included six rows of crop. 
In both experiments ST was conducted on November of the preceding year. The 
distance between strips was 0.76-m, and the managed residue strip over the row was 
approximately 0.46-m wide. For CT a ripping and a field cultivation was done in November, 
2001 and field cultivator in April, 2002. In November 2002, a disk-chiseling was conducted 
and a field cultivation in April 2003. Nothing was done on NT from harvest to planting. 
Com planting date was determined based on soil temperature and soil water content at the 
0.05-m depth. Soil temperature was monitored every hour from April 4 in 2002, and from 
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April 12 in 2003 until the planting date. A soil temperature sensor was buried at the 0.05-m 
depth horizontally in each whole plot and soil temperature recorded with a WatchDog™ 
Data Logger Model 125 (Spectrum Technologies, Inc., Plainfield IL). The lower plastic limit 
soil water content was selected as the criteria to define soil water content for planting. If the 
soil was more than 10°C for twelve continuous hours and the soil water content was at the 
lower plastic limit (or drier), planting was conducted. Lower plastic limit was determined by 
feel according with Mc Bridge (2002). Soybean planting date was based on the same criteria 
as corn planting date, except 13°C was used instead of 10°C as the soil temperature limit. 
Based on these criteria corn and soybean planting dates are shown in Table 1. In designing 
this study, it was anticipated each tillage system would have a unique planting date based on 
identical criteria. Data showed ST and CT had a common planting date. This resulted in a 
third planting date (one of the three split plots) being selected that differed from those dates 
for ST, CT, and NT. This is called a calendar planting date. 
Soil water content in the row and interrow (only on ST) zone was recorded with a 
TDR device on the planting date from 0-0.2-m depth. 
Asgrow RX 30 RR/YG hybrid corn seeds were planted with a Kinze 3500 planter 
equipped with a KPM II electronic seed monitor (Kinze Manufacturing, Inc., Williamsburg, 
IA). Plots were planted at 76 860 seeds ha·1• UAN was side dressing at 200 kg N ha·1 on May 
31, 2002. In 2003, UAN was applied at 180 kg N ha·1 on June 13. Weed control was 
maintained with glyphosate at 1.85 AE ha-1 on May 10 and June 15 in 2002, and May 21 and 
June 17 in 2003. 
Corn plant count was conducted every other day from the beginning of emergence 
until no more plants emerged. The count was made in three different positions within each 
split plot on a 3-m row length. Percentage of plants emerged were calculated by dividing 
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Figure 1. Mean 2002 and 2003 monthly air temperatures during the growing season at 
Newton, IA. 
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plants emerged on a given day by the final number of plants emerged. Estimates of 50% 
emergence were made by interpolation. 
Asgrow 703 RR variety soybean seeds were planted with the same planter used for 
corn. Plots were planted at 501600 seeds ha-I. Twenty days after each planting date the 
number of plants emerged was counted at three different locations within each split plot on a 
Im long row length. Weed control was maintained with glyphosate at 2.14 AE ha-1 and 2.28 
AE ha-I on June 17 and July 16, 2002. In 2003, glyphosate at 1.85 AE ha-1 was applied on 
May 21. 
Corn yield was determined for the whole plot (6 rows) with a John Deere harvester 
with an Ag Leader 2000 yield monitor on September 16, 2002. In 2003, grain yield of corn 
was determined by hand harvesting 5.25-m of two central rows. Total ears weight was 
determined. A sample of six ears was shelled to determine grain moisture with DICKEY-
john TM grain moisture tester (DICKEY-john Corporation, Auburn, IL). Corn yield was 
computed, and adjusting for 155 g kg-I moisture content. 0.9 grain weight to ear weight ratio 
was considered. 
Soybean yield was determined for the two central rows with a Wintersteiger elite 
Nursery Master harvester equipped with a yield monitor. Soybean yield was corrected to 133 
g kg-I moisture. 
Analysis of variance statistics were performed by year using the GLM procedure of 
SAS (SAS Inst., 1999). Main effects and tillage system by planting date interaction effects 
were divided into orthogonal contrast using Fischer's protected test (P<0.10). 
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Table 1 Planting dates by crop and tillage system in 2002 and 2003 
Corn Soybean 
2002 2003 2002 2003 
CT, ST April 11 April15 May6 May21 
NT April 16 May 13 May22 May27 
Calendar May6 May 19 June 7 June 11 
RESULTS AND DISCUSION 
Corn 
Maximum and minimum soil temperature at 0.05 m depth measured between April 4 
and May 31, and April 12 and May 31 in 2002 and 2003 are respectively shown in Figs 3 to 
6. Maximum soil temperature was lower in NT than ST, and ST lower than CT on 27% and 
66% of the days in 2002 (figure 3) and 2003 (figure 4) respectively (P<0.10). CT soil 
temperature was higher than the mean between ST and NT on 44% of the days in 2002, and 
22% of the days in 2003 (P<O. l 0), indicating CT affected soil temperature differently than 
the two others systems averaged together (P<O. l 0). In 2002 minimum soil temperature (Fig 
5) was not different (P<0.10) among tillage systems 75% of the days. NT minimum soil 
temperature was higher (P<0.10) than ST 36% of the days in 2003 (figure 6), while 44% of 
the day soil minimum temperature did not differ among tillage systems. These results agree 
with Burrows and Larson (1962), and Johnson and Lowery (1985). Maximum soil 
temperature on ST was maintained intermediate between CT and NT. Movement of heat and 
water in the horizontal direction can affect maximum soil temperature measured at 0.05-m. 
NT volumetric water content at planting (Table 2) was higher than that for CT and ST (row), 
while NT was not different than ST (interrow). 
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Figure 3. Maximum in row soil temperature by tillage system from April 2 (day 95) to May 
31 (day 150), 2002 at 0.05-m depth 
Figure 4. Maximum soil temperature by tillage system from April 11 (day 104) to May 31 
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Figure 5. Minimum soil temperature by tillage system from April 2 (day 95) to May 31 (day 
150), 2002 at 0.05-m depth 
Figure 6. Minimum soil temperature by tillage system from April 11(day104) to May 31 
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Table 2. Volumetric water content by tillage system and planting date (0-0.2m) 
Volumetric water content 
% 
2002 April 11 April 16 May6 
CT 20.1 15.0 18.5 
ST r§ 18.0 16.8 17.8 
ST-ir§§ 38.9 36.2 37.5 
NT 37.1 33.8 36.l 
2003 April 15 May 13 May 19 
CT 24.4 25.0 39.6 
ST r§ 20.2 27.1 35.6 
ST-ir§§ 40.1 45.6 46.1 
NT 38.0 46.9 47.5 
§ Volumetric water content measured in the row §§ Volumetric water content measured in the 
interrow 
Table 3. F values from analysis of variance for days to 50% emergence and plants 
emerged 
Source of variation Days to 50% Plants.ha·1 
emergence 
df F value Pr>F df F value Pr>F 
2002 
Tillage (T) 2 12.73 0.0069 2 4.29 0.0698 
Planting date (PD) 2 921.91 <.0001 2 8.75 0.0022 
TxPD 4 1.28 0.3141 4 4.18 0.0144 
2003 
Tillage (T) 2 24.40 0.0013 2 0.05 0.9534 
Planting date (PD) 2 594.60 <.0001 2 3.71 0.0448 
TxPD 4 2.94 0.0493 4 1.96 0.1444 
Tillage system and planting date affected days to 50% emergence in 2002 (Table 3). 
Substantial precipitation rainfall and low air temperature immediately after April 16 affected 
emergence for all tillage systems in 2002. NT required the greatest time to reach 50% 
emergence (Table 4). This result agrees with Azooz et al. (1995), who reported longer time to 
emergence on NT compared with CT and modified NT (residue removed from 0.3-m band 
area centered over the row). In 2003, a tillage by planting date interaction was detected for 
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days to 50% emergence (Table 3). Figure 7 shows the tillage system by planting date 
interaction on days to 50% emergence in 2003. The reduction in number of days to 50% 
emergence was smaller (7.7 days) for CT than the mean between NT and ST (8.8 days) when 
they were compared on April 15 against the mean of the other planting dates (P>F=0.0335). 
NT required more days to reach 50% emergence than ST (10.3 vs 8.8 days) when compared 
on April 15 against the mean of the others two planting dates (P>F=0.0227). Fifty percent 
emergence is more affected by NT than the other tillage systems. 
Table 4. Days to 50% emergence by tillage system and planting date, in 2002 
















A tillage by planting date interaction and planting date effect were detected on 
number of plants emerged in 2002 and 2003 respectively (Table 3). CT had a lower number 
of plants emerged than the mean between NT and ST, for April 11 and April 16. This fact is 
attributed to soil crusting conditions that occurred for CT (Table 5). In 2003, May 13 had the 
lowest number of plants emerged (Table 6). Notice that the number of plant obtained for all 
planting dates is higher than the intended rate of seeding. 
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Table 5. Number of plant emerged by tillage system and planting date in 2002 
Planting date 
April 11 April 16 May6 
Tillage system 
CT 77388 61836 79239 
NT 80350 75907 78129 
ST 78869 77018 77758 
Table 6. Number of plants emerged by planting date in 2003 








Tillage system did not affect corn yield in 2002 and 2003 (Table 7 and 8). However 
yield was affected by planting date in 2002 and 2003 (Table 7). April 11 planting resulted in 
the lowest yield in 2002, while April 15 had the highest in 2003 (Table 9). Planting date 
affected corn yield in both years, and the change in yield among planting dates varied 
between years. In 2002, the difference between highest and lowest yield was 607 kg ha-1, 
while in 2003 the difference was 1970 kg ha-1. While acceptable soil conditions for CT and 
ST occurred 6 days earlier than for NT in 2002, in 2003 this difference was 28 days. In spite 
of this difference there was no yield disadvantage of delayed NT planting. This result 
disagrees with Herbeck et al. ( 1986) that suggested that delayed NT planting on poorly 
drained soils was advantageous. In 2002 due to an appropriate soil conditions early in the 
spring all the tillage systems were planted in the period characteristic of maximum yield. 
Corn yield reduction as planting is delayed from late April- early May to later days in Iowa 
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agrees with results presented in previous research (Lauer at al., 1999; Ramsel 2001). In 2003, 
the rainfall pattern (drought from middle of July) affected all planting dates, but had greater 
impacts for May 13 and May 19 planting dates. 
Table 7. F values from analysis of variance for corn yield 
Source of variation 
2002 
Tillage (T) 




Planting date (PD) 
TxPD 
















































NT volumetric water content at planting (Table 10) was higher than that CT and ST 
(row), while NT was not different than ST (interrow) . Different soil bulk density and 
gravimetric water contents were associated with each tillage system. 
Table 10. Volumetric water content by tillage system and planting date (0-0.2m) 
Volumetric water content 
% 
2002 May6 May22 June 7 
CT 21.2 22.5 33.2 
ST r 21.0 20.0 23.0 
ST ir 33.2 38.3 42.0 
NT 46.3 39.8 38.3 
2003 May21 May27 June 11 
CT 23.7 23.6 26.7 
ST r 20.4 18.5 26.4 
ST ir 38.3 32.5 40.3 
NT 40.l 32.8 46.7 
In 2002, a tillage by planting date interaction was detected for number of plants 
emerged 20 days after planting (Table 11 and figure 8). A significant difference between CT 
and the mean of NT and ST was detected between the first and second planting date (P>F= 
0.0290). A significant reduction in the difference between NT and ST occurs when the first 
28 
planting date is compared with the others planting dates (P>F=0.0331). While number of 
plants increased between second and third planting date for NT, the opposite occurred for ST 
(P>F=0.0076). 
Table 11. F values from analysis of variance for number of plants emerged 20 days after 
planting 
Source of variation df F value Pr>F 
2002 
Tillage (T) 2 7.42 0.0239 
Planting date (PD) 2 10.71 0.0009 
TxPD 4 5.13 0.0061 
2003 
Tillage (T) 2 0.79 0.4977 
Planting date (PD) 2 4.59 0.0244 
TxPD 4 0.31 0.8694 
Planting date affected number of plant emerged in 2003 (Table 11 ). May 21 had the highest 
number of plants ha-1. This interaction is attributed to uneven distribution of seed during 
planting operation (Table 12). 










Figure 8. Tillage system by planting date interaction on number of soybean plants emerged 


















Table 13. F values from analysis of variance for soybean yield 
Source of variation 
2002 
Tillage (T) 




Planting date (PD) 
TxPD 
df F value Pr>F 
2 0.15 0.4846 
2 0.15 0.8607 
4 0.41 0.8005 
2 1.18 0.3707 
2 9.50 0.0015 
4 4.27 0.0132 
Neither planting date nor tillage system affected soybean yield in 2002 (Table 13 and 
14). During this season favorable rainfall distribution occurred that may have compensated 
other factor (soil strength, bulk density) that can affect root growth in NT. This result agrees 
with previous research conducted by Elmore (1990) and Turman et al. (1995). A tillage by 
planting date interaction was detected for soybean yield in 2003 (Table 13). While CT 
reduced soybean yield 151 kg ha-1 from May 27 to June 11 planting dates, the mean NT and 
ST yield increased 50 kg ha-I. ST reduced soybean yield by 340 kg ha-I from May 21 to the 
mean for May 27 and June 11 planting dates while NT soybean yield did not change (figure 
9). 
Lack of precipitation during the second half of July and August is suggested as the 
cause of yield losses in 2003 compared to 2002. Under drought conditions tillage systems 
that reduce water evaporation (Horton et al., 1994) before soybean canopy closure promote 
more stable soybean yield. On the other hand, delayed planting date may affect root growth 
(Coale and Grove, 1990) mainly in CT. This hypothesis disagrees with Turman et al. (1995) 
who did not find an effect of planting date on soybean root growth. 
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Figure 9. Soybean yield by tillage system and planting date in 2003 
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CONCLUSIONS 
In a two-year study on a poorly drained soil a tillage system effect on corn yield was 
not detected when a preestablished soil temperature and water content criteria were used to 
determine the day of planting each system. In spite tillage system not affecting corn yield, 
tillage system effects can be ranked CT>ST>NT based on yield average. On the other hand, 
planting date has an effect on corn yield. This result agrees with previous studies that show 
effects of planting date on corn yield. 
A tillage system by planting date interaction was detected in 2003, when drought 
conditions existed during the second half of July, and August. NT had more stable soybean 
yield across planting dates, that the other tillage systems. 
Although, the same soil temperature and water content criteria was applied to 
establish planting date for each tillage system, the soil temperature amplitude for each tillage 
system was not considered. This could affect soil growing degree-days, a criteria used to 
establish stage of growth in crops. It is suggested that the use of soil growing degree-day 
could be an alternative criteria to determine planting, mainly for corn. 
The results of this study suggest only minor bias may be introduced in the analysis of 
tillage effects on corn and soybean yield when planting date is common for all systems. 
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CHAPTER 3. EFFECT OF RESIDUE-FREE BAND-WIDTH ON SOIL 
TEMPERATURE AND WATER CONDITIONS USING THE 
TRANSPOR MODEL 
A paper to be submitted to Soil and Tillage Research 
Mario Perez Bidegain and Richard M. Cruse 
ABSTRACT 
Most of the published research considers different residue-free band-widths and their 
effect on different crop growth parameters with fixed soil properties. If strip tillage impacts 
on soil and water content are to be extended to whole field conditions, impacts of spatial 
variations in soil properties and how these interact with potential strip configuration changes 
(width and depth) must be considered. Assuming that the objective of such a practice is to 
obtain a certain temperature in the seed zone across a field, a feasible approach to determine 
the appropriate residue-free band-width is to model the different residue-free band-width 
scenarios and evaluate the impact of those changes on soil temperature at the depth of 
interest. 
The first objective was to conduct a soil temperature sensitivity analysis to residue-
free band-width with strip tillage induced nonuniform soil properties. A second objective was 
a soil temperature sensitivity analysis to strip tillage depth. To do the sensitivity analysis the 
TRANSPOR model was selected. Two soils were sampled - a Nevin silty clay loam, and 
Zook silty clay loam. Sampling was conducted on both soils before planting in April 2003, 
while the strip tillage was conducted in November of the previous year. Soil samples were 
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taken from a strip tilled field from the 30-mm to 105-mm, and from 250-mm to 325-mm 
depth in the row zone, and from the 30-mm to 105-mm depth in the interrow zone. Bulk 
density (BD), and saturated hydraulic conductivity were measured in each soil sample. Total 
porosity and Van Genuchten parameters were estimated for each sample. Four different 
tillage widths, 0, 0.10, 0.20, and 0.30-m, were used as treatments in this analysis. Soil 
temperature, volumetric water content and matric potential was simulated at 0.05, 0.10, and 
0.20-m depths centered in the row zone. To accomplish the second objective five tillage 
depths, 0, 0.05, 0.10, 015, and 0.20-m, with a 0.30-m residue-free band-width were used as 
treatments. Soil temperature, volumetric water content, and matric potential were simulated 
at 0.05-m depth. Soil temperature, soil water content, and matric potential were most 
sensitive to changes in residue free band-width at 0.05-m depth in both soils studied. The 
effect of tillage depth differed between soils. While for the Zook soil temperature decreased 
at 0.05-m depth with tillage depth increments, the Nevin soil did the opposite. 
INTRODUCTION 
Environmental problems and production concerns with traditional intensive tillage 
systems have prompted many investigations into alternative tillage methods. In general, the 
alternative systems reduce tillage intensity and leave more crop residue on the soil surface. 
These systems frequently result in improved soil conservation but also frequently experience 
yield reductions (Erbach et al., 1986; Vetsch and Randall 2002; Wilhelm and Wortmann 
2004). Surface residue management seems to be a major factor in these observations, 
although soil manipulation may play a key role also (Swan et al., 1996; Horton et al., 1996). 
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Strip tillage systems have production and environmental advantages compared to other 
tillage systems used for corn and soybean production in the Midwest U.S. Tillage and 
surface residue removal in the row zone helps warm soil for earlier spring planting while the 
untilled interrow zone reduces surface water runoff and soil erosion. Promising production 
results for strip tillage have been reported by Vetsch and Randall (2002), Beyaert et al., 
(2002), Drury et al., (2003), Perez-Bidegain et al., (2003), and Al-Kaisi and Licht (2003). 
Depending on machinery design and settings and depth and speed of operation, the 
soil zone of influence can be significantly affected, which in turn may affect soil temperature 
and water conditions. The effect of different residue free band-widths on crop growth 
parameters is well documented. Furthermore, the relationship between residue free band-
width and selected parameters may be predictable. Kaspar et al. (1990) found that corn 
growth parameter responses to residue-free band-width were best described with a 
logarithmic function. They suggested that a 0.16-m residue-free band-width was the best 
compromise between yield reduction, input savings, and soil conservation. Shinners et al. 
(1994) found that accumulated growing degree-days are well modeled with a logarithmic 
function ofresidue-free band-width. Residue free band-width between 0.2-0.3-m 
accumulated over a given time the same corn growing degree days as did a bare soil. This is 
further supported by Azooz et al. (1997). They concluded that a greater heat flux into a 0.30-
m residue-free band produced a more rapid increase in soil temperature in the 0-0.10 m 
depth, than did a 0.15-m residue-free band and no tillage. Soil water content was not 
affected by residue-free band-width in the 0 to 0.75-m depth. 
Alterations of mulched, untilled zones with tilled zones generate more spatially 
diverse soil environmental conditions for crop growth than typically occurs with spatially 
uniform tillage systems. The mulched, untilled zone could be likened to no tillage, while the 
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residue free band with tillage is similar to a conventionally tilled soil condition. The 
variations in surface conditions and tillage will likely have significant effects on both soil 
heat and water movement (Creswell et al., 1993; Shinners et al., 1995). Tillage effects on soil 
thermal properties and its interaction with soil water content has been reported by Potter et al. 
(1985). They found a linear decrease in thermal diffusivity as volumetric water content 
increased for conventional and no tillage. No tillage had a larger thermal diffusivity than 
conventional tillage. The authors attributed the reduction in thermal diffusivity to differences 
in soil thermal conductivity due to tillage treatment. Thermal conductivity was 20% larger 
with no tillage than with conventional tillage. In spite of the effects of tillage on soil thermal 
properties, they suggest that distribution of residue cover has the dominant effect on soil 
temperature. Johnson and Lowery ( 1985), found greater volumetric heat capacity in no tillage 
than conventional tillage in the 0-0.15 m zone. Various studies have also shown tillage 
significantly affects soil hydraulic properties (Allmaras et al., 1982; Wu et al., 1992; 
Benjamin, 1993; Azooz and Arshad 1996). 
In addition to field studies ofresidue-free band-width effects on growth parameters, 
and the effect of tillage on soil thermal and hydraulic properties, several authors have 
modeled the effect of strip tillage characteristics on soil temperature and water regimes. 
Chung and Horton ( 1987) modeled soil heat and water flow on three hypothetical 
homogeneous soils using four different mulch widths. They concluded that partial mulch 
cover does not have a large effect on the water content at 0.05-m depth. In addition, the effect 
of mulch cover width on soil temperature at 0.05-m depth in the bare zone was small in the 
clay and the loam soil, and large in the sandy soil. This illustrates another potential 
complication in understanding residue-free band-width effects on soil temperature - an 
interaction ofresidue-free band-width and soil texture. 
44 
Hares and Novak (1992a), simulated energy balance components and soil temperature 
under strip tillage using a physically based model, and tested the results against field data in a 
loamy sand soil. Strip tillage width was 0.10-m and mulched width was 0.3-m. The model 
underestimated midday 0.005-m soil temperature in the tilled strip by 4 to 5 °C. This 
discrepancy was attributed to warm and dry air advectively passing from the mulched to the 
bare zone. This process was not considered in the model. 
Most of the research discussed considers different residue-free band-width and its 
effect on different crop growth parameters with fixed soil properties. If strip tillage impacts 
on soil and water content are to be extended to whole field conditions, impacts of spatial 
variations in soil properties and how these interact with potential strip configuration changes 
(width and depth) must be considered. Attempts to change the width of the residue free bands 
to affect soil temperature and water content following site-specific conditions were not found 
in the literature. Assuming that the objective of such a practice is to obtain a certain 
temperature in the seed zone across a field, a feasible approach to determine the appropriate 
residue-free band-width is to model the different residue free band width scenarios and 
evaluate the impact of those changes on soil temperature at the depth of interest. 
Benjamin et al., (1990a) developed a two-dimensional finite element model, TRANSPOR, 
that coupled water and heat transport for flat and ridged surfaces. The model allows inclusion 
of non-uniform soil heat and water transport properties in the modeled region, such as might 
be introduced by wheel tracks or tilled zones, and non-uniform boundary conditions, such as 
might result from residue-free bands on the soil surface. Model outputs include soil 
temperature, soil water matric potential, and volumetric water content at soil depths and 
positions of interest. It is possible to simulate different ridge heights and flat surfaces. 
Changes of all input variables affected the predicted soil water matric potential and water 
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content, but only the variables that describe atmospheric boundary conditions had an effect 
on soil temperature (Benjamin et al., 1990a). The model has been validated for ridge tillage 
(Benjamin et al., 1990b ). Because strip tillage introduces nonuniform flow conditions and 
nonuniform surface boundary conditions, TRANSPOR seems well designed to address strip 
tillage effects on soil temperature and soil water content. Testing this model for strip tillage 
could be the first step in developing site-specific strip tillage methodology. The objective of 
this study is to conduct a soil temperature sensitivity analysis to residue-free band-width with 
strip tillage induced non-uniform soil properties using TRANSPOR. A second objective is to 
conduct a soil temperature sensitivity analysis to strip tillage depth. 
MATERIALS AND METHODS 
TRANSPOR was used to conduct a sensitivity analysis of residue-free band-width 
and tillage effects on soil temperature. Weather and soil parameters required to conduct 
TRANSPOR simulation are shown in Table 1. 
Soil parameters were determined from the strip tillage treatment described in Chapter 
1. Two soils were sampled - a Nevin silty clay loam (fine silty, mixed, mesic, Aquic 
Hapludolls), and Zook silty clay loam (fine, montmorillonitic, mesic, Cumulic Haplaquolls). 
Strip tillage was conducted in November of the previous year, leaving a 0.30-m residue-free 
strip. The distance between the center of each residue-free strip was 0.76-m. Strip tillage 


















































































































































































































































































































































































































































































































































































































































































Six 75-mm diameter x 75-mm long Uhland cores were taken from the 30-mm to 105-
mm depth in the row in Zook soil, and four samples were taken in the untracked interrow 
zone. Four samples from 250-mm to 325-mm were taken in the row zone. Four Uhland core 
samples were obtained from the same positions and depth in the Nevin soil. Saturated 
hydraulic conductivity, Ksa1 (cm h-1), was determined on each soil core by the constant head 
method (Klute and Dirksen, 1986). The water desorption characteristics were determined by 
the pressure cell method for matric potentials between -0.5-m and -5-m H20, and by water 
content equilibration with positive air pressure on a ceramic plate for matric potential 
between - 10-m and -150-m H20 (Klute, 1986). 
Factors used to describe the water retention curve are those proposed by van 
Genuchten ( 1980). Estimation of the parameters for each soil sample were carried out using 
spreadsheet software based on Wraith and Or (1998). Saturated water content, Os (m3 /m3), 
was the total porosity determined by the following manner: Os = 1 - pb/ Ps 
where 
Pb= Bulk density 
and 
Ps = Density of solids, assumed to equal 2.65 Mg m3 
A randomized complete block designed was used to perform an analysis of variance on the 
soil properties at the 30-mm to 105-mm depth. Position (row or interrow) was 
considered as the treatment. A t-test was performed. The level of significance adopted was 
0.10. 
Saturated hydraulic conductivity, van Genuchten parameters (n and u), and saturated 
water content were averaged within sampling position and this value was used as the input 
parameter for running TRANSPOR. 
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For both soil 10 % sand was assumed while the clay fraction was assumed 50 and 35 % for 
Zook and Nevin soil respectively. Soil textured was based on soil survey of Jasper county, 
Iowa (USDA, 1979). According with the textured reported for the top horizon, a textural 
triangle was used to establish the proportion of each particle fraction. The model does not 
allow different textural classes within the same flow region. For this reason a unique textural 
class was used for each soil. 
Simulation procedure 
To run the simulation the flat surface was selected among the different soil surface 
configurations offered by TRANSPOR. This configuration has a 1-m depth with a half-row 
width of 0.4-m. A diagram of this row configuration with our defined flow regions is shown 
in figure 1. Three different flow regions were defined within the two dimensional half-row 
configuration to simulate the effect of different residue-free band-width. Zone A (mulch 
covered zone) extends from the surface to the 0.25-m depth and the width depends on the 
width of the tilled zone (zone B). Zone B extends from the surface to the 0.25-m depth. Four 
different tillage widths, 0 (WO), 0.05 (W5), 0.10 (WlO), and 0.15-m (W15), were used as 
treatments in this analysis. Finally zone C (the untilled zone) extends from the 0.25-m to 1-m 
depth. WO corresponds to a surface completely covered with mulch. Two zones, A and C, 
form this flow region. 
Soil simulation parameters used for zone B correspond to the ones that were 
estimated from row position samples. Soil parameters used for zone A are equal to the ones 
determined from samples taken in the interrow position. Soil parameters of zone C 
correspond to the ones from samples taken below 0.25-m depth. 
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Initial soil temperature and soil water potential were assumed homogeneous within 
the flow region, 10°C and -300-cm of H20 respectively. The same conditions were used for 
the boundary nodes. Atmospheric constants used in the simulation are shown in Table 1. 
Those values correspond to atmospheric conditions expected during com planting in Iowa. 
The total simulation time was 120 hr, with a time step of 0.125 hr. Soil temperature, soil 
water content and soil matric potential were generated at 0.05, 0.10, and 0.20-m depths 
centered in the row position band. 
To simulate tillage depth effect on soil temperature a fourth flow region was added 
into the analysis. This new flow region was located between zone B, and C (figure 1). The 
thickness of this new flow region depends on the tillage depth that was simulated. Five tillage 
depths, 0 (DO), 0.05 (D5), 0.10 (DlO), 015 (D15), and 0.20-m (D20), were simulated. Soil 
parameters used in this new flow region corresponds with the ones used for the surface layer 
untilled (zone A). DO is the same that WO, with the only difference that the residue was 
removed from the surface in a band of 0.30-m width. Effect of tillage depth on soil 
temperature was simulated for Wl5 at 0.05 m depth. 
Weather parameters, initial soil conditions, time and step of simulation are the same 










Subsurface layer untilled ( C) 
0.40 rn 
Figure 1. Flow region diagram 
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RESULTS AND DISCUSSION 
Row position/tillage affected most of the soil physical properties (Table 2) for the 
0.35 to 0.105-m depth in both soils. For the Nevin soil bulk density was greatest and porosity 
was lowest in the interrow zone, while saturated hydraulic conductivity did not differ 
between positions. This suggests that the water was conducted more efficiently in the 
interrow zone, implying greater continuity of macropores. Those results agree with Wu et al., 
( 1992). Saturated hydraulic conductivity was greatest in the row for the Zook soil, but bulk 
density did not differ between positions. The factors, n and 8r, used to describe the water 
retention curve were affected by row position in both soils. 
Table 2. Position and depth effect on soil physical properties 
Soil Position Bulk Ksat a n e. er 
{deeth2 Dens it~ 
Mgm- cmh-1 m3/m3 
Zook Row 1.11 65.18 0.27 1.27 0.65 0.10 
30-105-mm Interrow 1.09 18.83 0.39 1.22 0.51 0.13 
Pr>I t I ns 0.003 ns 0.03 0.02 0.02 
Zook Row 1.10 20.95 0.19 1.25 0.49 0.13 
250-325-mm 
Nevin Row 1.18 8.34 0.16 1.32 0.49 0.09 
30-105-mm Interrow 1.45 8.35 0.03 1.17 0.44 0.10 
Pr>lt I 0.002 ns ns 0.07 0.02 0.09 
Nevin Row 1.28 3.56 0.09 1.23 0.50 0.12 
250-325-mm 
1Row positions received tillage; interrow zones were undisturbed 
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Zook soil 
Figures 2 to 4 show the effect of residue-free band-width on soil temperature at 
different depths. Mean soil temperature for different residue-free band-width and soil depth 
is shown for a 120-hr simulation period in table 3. Soil temperature was most sensitive at the 
0.05-m depth. The TRANSPOR model indicates greater differences exist in minimum 
temperature between the complete mulched surface and the tilled surface than the maximum 
or average temperatures, which agrees with different authors (Gupta et al., 1983; Horton et 
al., 1994). It hypothesized that these difference are due to consider uniform soil temperature 
at the beginning of the simulation period. 
Table 3. Effect of residue-free band-width on mean soil temperature after 120 hr of 






















Although mean soil temperature initially decreased as residue free band increased to 
0.30-m, this temperature increased after day 3. The rate of change (slope of the line between 
days) of mean soil temperature after day 3 increased as residue free band width increased 
(Figure 5) suggesting different soil thermal properties developed among the different residue 
free band width treatments. While WO increased at decreasing rate, W30 did not change until 
day 3. After day 3, W30 had the highest rate of soil temperature change. This was an effect 
of soil water content; from the middle of the simulation period the difference on water 
content increased among treatments (Table 4). 
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Figure 2. Predicted 0.05-m soil temperature with time as affected by residue-free band-width 
for Zook soil 
Figure 3. Predicted 0.10-m soil temperature with time as affected by residue-free band-width 
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Figure 4. Predicted 0.20-m soil temperature with time as affected by residue-free band-width 
for Zook soil 
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Table 4 shows soil water content 60 and 120 hr after the simulation started. Soil 
water content difference between the different residue-free band-widths and completely 
covered soil is mainly attributed to different evaporation rates caused by reduced radiation 
absorption and greater vapor transfer resistance in the presence of crop residue. Soil water 
content was most sensitive to residue-free band-width at the 0.05-m depth than at other 
depths. 
Table 4. Effect of residue-free band-width on soil water content at different depths and 
times during the simulation for the Zook soil 
Residue-free band-width 
60 hr 120 hr 
WO WlO W20 W30 WO WlO W20 W30 
De12th (m) m /m m.)/m.) 
0.05 0.29 0.23 0.23 0.20 0.29 0.20 0.18 0.18 
0.10 0.29 0.25 0.25 0.25 0.29 0.24 0.24 0.24 
0.20 0.29 0.25 0.25 0.25 0.29 0.25 0.25 0.25 
Figures 6 and 7 show change in soil matric potential at 0.05 and 0.10-m depths and 
different residue-free band-width. Soil matric potential was most affected by residue-free 
band-width at the 0.05-m depth. Soil water content difference between the W 10 and W30-m 
residue-free band-width was only 0.02 m3 /m3 (Table 4), but soil matric potential difference 
was 1100 cm of water at the end of the simulation period. 
Tillage depth effect on soil temperature at 0.05-m depth is shown in Table 5. The WO 
treatment was added to show the effect of residue removal. Mean soil temperature averaged 
over the simulation period decreased as tillage depth increased. On day 5, DO increased 0.2 
°C due to surface residue removal, and D5 increased 0.1 °C due to tillage. On day 5, tillage 
depth deeper than 0.05-m depth reduced mean soil temperature. Different soil hydraulic 
properties between DO and D5 , and the rest of the tillage depth treatments, could affect 
downward heat flow, and in consequence affect soil temperature at 0.05-m depth . 
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Figure 6. Predicted matric potential changes with time as affected by residue-free band-width 
at 0.05-m depth for the Zook soil 
Figure 7. Predicted matric potential changes with time as affected by residue-free band-width 
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Table 5. Daily mean soil temperature for 0.30-m residue-free band-width at 0.05-m 
depth for the Zook soil with different tillage depths 
Tillage de~th 
DO D5 DlO D15 D20 WO 
Day I 10.5 10.4 10.4 10.4 10.4 10.6 
Day2 10.5 10.4 10.4 10.4 10.4 11.0 
Day 3 10.6 10.5 10.4 I 0.4 10.4 11.3 
Day4 11. l 11.0 10.6 10.6 10.6 11.5 
Day 5 11.9 11.8 11.1 11.2 11.2 11. 7 
Mean§ 10.9 10.8 10.6 10.6 10.6 11.2 
§ Overall mean for each tillage depth treatment 
Table 6. Effect of tillage depth on soil water content at 0.05-m depth with 0.3-m residue-
free band-width for the Zook soil 
Tillage depth 
DO D5 DlO DIS D20 
Time (hr) m /m-' 
60 0.28 0.28 0.22 0.22 0.22 
120 0.24 0.24 0.19 0.19 0.19 
Nevin soil 
Figures 8 to 10 show the effect of residue-free band-width on soil temperature at 
different depths. Mean soil temperature averaged across the simulation period decreased as 
residue-free band-width increased (Table 7). The same effect was observed for the Zook soil. 
The rate of change of mean soil temperature is shown in Figure 11. W30 had the highest rate 
of change of mean soil temperature at the end of the simulation period. These rates of 
temperature change were associated with different soil water content at the end of the 
simulation period (Table 8). Volumetric soil water content was most sensitive at 0.05 m 
depth. WO soil water content was greatest due to soil bulk density (Table 2). Soil matric 
potential at 0.05-m depth was most affected by residue-free band-width (figure 12). At the 
0.10-m depth, WIO had the lowest soil matric potential (figure 13). 
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Figure 8. Predicted 0.05-m soil temperature with time as affected by residue-free band-width 
for the Nevin soil 
Figure 9. Predicted 0.10-m soil temperature with time as affected by residue-free band-width 
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Figure 10. Predicted 0.20-m soil temperature with time as affected by residue-free band-
width for the Nevin soil 
Figure 11. Daily mean soil temperature at 0.05-m depth for different residue-free band-width 
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Figure 12. Predicted matric potential changes with time as affected by residue-free band-
width at 0.05-m depth for Nevin soil 
Figure 13. Predicted matric potential changes with time as affected by residue-free band-
width at 0.10-m depth for Nevin soil 
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Table 7. Effect of residue-free band-width on mean soil temperature at different depths 






















Table 8. Effect of residue-free band-width on soil water content at different depths for 
the Nevin soil 
Simulated residue-free band-width 
60 hr 120 hr 
WO WIO W20 W30 WO WlO W20 W30 
Depth (m) m lm m-'/m 
0.05 0.34 0.21 0.21 0.21 0.34 0.21 018 0.16 
0.10 0.34 0.22 0.22 0.22 0.34 0.21 0.22 0.22 
0.20 0.34 0.22 0.22 0.22 0.34 0.22 0.22 0.22 
Tillage depth effect on the 0.05-m soil temperature depth is shown in table 9. Mean 
soil temperature averaged across the simulation period did not change among tillage depth 
treatments. On day 5, tillage depth increased is associated with mean soil temperature 
increase. This effect is attributed to a different bulk density between DO, D5, and D15, and 
the rest of the tillage depth treatments. Soil bulk density at the 0.05-m depth was 1.18 Mg m-3 
for D 15 and D20, and 1.45 Mg m-3 for the rest of the tillage depth treatments. This change in 
bulk density affects soil thermal properties, while soil parameters that describe soil hydraulic 
properties were similar. 
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Table 9. Daily mean soil temperature for 0.30m residue-free band-width at 0.05-m 
depth for Nevin soil 
Tillage de~th 
DO DS DlO DIS D20 WO 
Day I 10.4 10.4 10.4 10.4 10.4 10.4 
Day2 10.4 10.3 10.3 10.3 10.3 10.8 
Day 3 10.S 10.4 10.4 10.4 10.4 11.1 
Day4 10.S 10.S 10.6 10.6 10.6 11.2 
Day S 10.6 10.S 10.6 I I. I 11.0 11.4 
Mean§ 10.S 10.4 10.S 10.6 10.S 11.0 
§ Overall mean for each tillage depth treatment 
Table 10 Effect of tillage depth on soil water content at 0.05-m depth and 0.3-m residue-
free band-width for the Nevin soil 
Tillage depth 
DO DS DlO DIS D20 
Time {hr2 m-'/m 
60 0.32 0.32 0.21 0.21 0.21 
120 0.31 0.31 0.17 0.17 0.17 
CONCLUSIONS 
Soil temperature, soil water content, and matric potential were most sensitive to 
changes in residue-free band-width at 0.05-m in both soils studied. Residue free band effect 
on those variables was noticeable from the middle of the simulation period, when soil water 
content differed among residue-free band-widths. 
Tillage depth with the 0.30-m residue-free band-width affected soil temperature at 
0.05-m. The effect of tillage depth differed between soils. While for the Zook soil 
temperature decreased at 0.05-m depth with tillage depth increments, Nevin soil did the 
opposite. 
Soil temperature changes detected at 0.05-m need to be studied in terms of indicators 
utilized to determine different growth stages, for example, growing degree-days. 
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TRANSPOR seems to be an adequate tool to compare soil water and temperature 
conditions resulting from different residue-free band-width, and tillage depth within soils, or 
it can be used within fields to estimate the effects of different soil properties in the landscape 
on soil temperature and water conditions. 
70 
REFERENCES 
Al-Kaisi, M., and M.A. Licht. 2003. Strip tillage effects on corn performance and soil 
properties. p.169-179. In Proceedings of the 15th. Integrated Crop Management 
Conference, Ames, IA. 3-4 Dec. 2003. Iowa State University, IA. 
Allmaras, R.R., R.W. Rickman, L.G. Ekin, and RA.Kimball. 1977. Chiseling influences on 
soil hydraulic properties. Soil Sci. Soc. Am. J. 41 :796-803. 
Azooz, R.H., and M.A. Arshad. 1996. Soil infiltration and hydraulic conductivity under long 
term no tillage and conventional tillage systems. Can. J. Soil Sci. 76:143-152. 
Azooz, R.H., B. Lowery, T.C. Daniel, and M.A. Arshad. 1997. Impact of tillage and residue 
management on soil heat flux. Agricultural and Forest Meteorology 84:207-222. 
Benjamin, J.G., M.R. Ghaffarzadeh, and R.M. Cruse. 1990a. Coupled water and heat 
transport in ridged soils. Soil Sci. Soc. Am. J. 54:963-969. 
Benjamin, J.G., A.D. Blaylock, H.J. Brown, and R.M. Cruse. 1990b. Ridge tillage effects on 
simulated water and heat transport. Soil Tillage Res. 18:167-180. 
Benjamin, J.G. 1993. Tillage effects on near-surface soil hydraulic properties. Soil Tillage 
Res. 26:277-288. 
71 
Beyaert, R.P., J.W. Schott, and P.H. White. 2002. Tillage effects on corn production in a 
coarse textured soil in Southern Ontario. Agron. J. 94:767-774. 
Creswell, H.P., D.J. Painter, and K.C. Cameron. 1993. Tillage and water content effects on 
soil hydraulic properties and shortwave albedo. Soil Sci. Soc. Am. J. 57 :816-824. 
Chung, S., and R. Horton. 1987. Soil heat and water flow with a partial surface mulch. Water 
Resources Research 23:2175-2186. 
Drury, C.F., C.S. Tan, W.D. Reynolds, T.W. Welacky, S.E. Weaver, A.S. Hamill, and T.J. 
Vyn. 2003. Impacts of zone tillage and red clover on corn performance and soil 
physical quality. Soil Sci. Soc. Am. J. 67:867-877. 
Erbach, D.C., R.M. Cruse, T.M. Crosbie, D.R. Timmons, T.C. Kaspar, and K.N. Potter. 
1986. Maize response to tillage-induced soil conditions. Trans. ASAE 29:690-695. 
Gupta S.C., W.E. Larson, and D.R. Linden. 1983. Tillage and surface residue effects on soil 
upper boundary temperatures. Soil Sci. Soc. Am. J. 47:1212-1218. 
Hares, M.A., and M.D. Novak. 1992a. Simulation of surface energy balance and soil 
temperature under strip tillage: I Model description. Soil Sci. Soc. Am. J. 56:22-29. 
Hares, M.A., and M.D. Novak. 1992b. Simulation of surface energy balance and soil 
temperature under strip tillage: II Field test. Soil Sci. Soc. Am. J. 56:29-26. 
72 
Horton, R., K.L. Bristow, G.J. Kluitenberg, and T.J. Sauer. 1996. Crop residue effects on 
surface radiation and energy balance-Review. Theor. Appl.Climatol 54:27-37. 
Klute, A. 1986. Water retention: Laboratory methods. p. 635-662. In A. Klute (ed) Methods 
of soil analysis. Part 1. Second edition. Agronomy 9. ASA-SSSA. Madison, WI. 
Klute, A., and C. Dirksen. 1986. Hydraulic conductivity and diffusivity: Laboratory methods. 
p. 687-734. In A. Klute ( ed) Methods of soil analysis. Part 1. Second edition. 
Agronomy 9. ASA-SSSA. Madison, WI. 
Perez Bidegain, M., R.M. Cruse, and A.J. Ciha. 2003. Strip till, no till, and conventional 
tillage comparisons- Does planting date affects results?. p.165-167. In Proceedings 
of the 15th. Integrated Crop Management Conference, Ames, IA. 3-4 Dec. 2003. 
Iowa State University, IA. 
Shinners, K.J., W.S. Nelson, and R.Wang. 1994. Effects ofresidue-free band width on soil 
temperature and water content. Trans. ASAE 37:39-49. 
Swan J.B., T.C. Kaspar, and D.C. Erbach. 1996. Seed-row residue management for corn 
establishment in the northern US Corn Belt. Soil Tillage Res. 40: 55-72. 
Van Genuchten, M. Th. 1980. A closed-form equation fro predicting the hydraulic 
conductivity of unsaturated soils. Soil Sci. Soc. Am. J. 44:892-898. 
73 
Vetsch, J.A. and G.W. Randall. 2002. Com production as affected by tillage system and 
starter fertilizer. Agron. J. 94: 532-540. 
Wilhelm, W.W., and C.S Wortmann. 2004. Tillage and rotation interactions for com and 
soybean grain yield as affected by precipitation and air temperature. Agron. J. 96: 
425-432. 
Wraith, J.M., and D. Or 1998. Nonlinear parameter estimation using spreadsheet software. 
J.Nat.Resour.Life Sci.Educ. 27:13 -19. 
Wu, L., J.B. Swan, W.H. Paulson, and G.W. Randall. 1992. Tillage effects on measured soil 
hydraulic properties. Soil Tillage Res. 25: 17-33. 
74 
CHAPTER 4. GENERAL CONCLUSIONS 
On a poorly drained soil a tillage system by planting date interaction was not detected 
for com yield when planting date was determined by soil conditions for each of the tillage 
systems used in the study. Tillage system did not significantly affect com yield, however, a 
trend in reduce com yield with reduced soil disturbance was detected. No advantage was 
detected in delaying com planting with no tillage on this poorly drained soil. This study 
confirms the results found for other authors that delaying com planting date beyond the first 
week of May reduces com yield. A tillage system by planting date interaction was detected 
for soybean yield in a year lacking precipitation during the second half of July and August. 
Under this circumstances soybean yield using no tillage showed the most stable yield among 
planting dates. Future research should apply the methodology described in this study in a 
well-drained soil. 
Soil temperature, soil water content, and matric potential was most sensitive to 
changes in residue-free band-width at 0.05-m, compared to other depths, in both soils 
studied. Soil temperature at the 0.05-m depth was differentially affected by tillage depth in 
the soil studied. TRANSPOR seems to be an adequate tool to compare soil water and 
temperature conditions resulting from different residue-free band-width and tillage depth 
within soils, or it can be used within fields to estimate the effects of different soil properties 
in the landscape on soil temperature and water conditions. 
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APPENDIX A. ORIGINAL DATA 
The following are the column headings and description for the data in this section: 
Year: 1 = 2002, 2=2003 
Rep: replication 
Til: tillage treatment, CT: conventional tillage, ST: strip tillage, NT: no tillage 
PD: planting date treatment, 1: first planting date in a given year, 2 second planting date in a 
given year, 3: third planting date in given year. 
D _50%: days to reach 50% emergence 





















































































































3 ST 7.8 84423.3 10612.6 
3 ST 2 18.6 77017.8 11414.1 
3 ST 3 11.5 81461.1 11445.3 
4 CT 1 7.6 72574.4 12709.4 
4 CT 2 17.0 57763.3 12965.7 
4 CT 3 11.5 78498.9 12741.4 
4 NT 9.6 82942.2 11263.1 
4 NT 2 18.5 78498.9 12745.1 
4 NT 3 12.8 74055.6 11501.3 
4 ST 1 8.2 78498.9 12477.2 
4 ST 2 17.6 82942.2 13180.3 
1 4 ST 3 11.6 72574.4 13002.4 
2 CT 15.2 75536.7 11489.7 
2 CT 2 7.6 81461.1 10946.5 
2 CT 3 7.6 87385.6 9606.8 
2 NT 1 16.9 87385.6 11370.9 
2 NT 2 8.8 72574.4 9342.1 
2 NT 3 8.9 69612.2 9306.2 
2 ST 1 15.6 82942.2 10181.1 
2 ST 2 8.2 79980.0 8533.1 
2 ST 3 7.6 87385.6 6897.6 
2 2 CT 1 14.4 79980.0 11058.0 
2 2 CT 2 9.0 81461.1 10011.4 
2 2 CT 3 7.5 77017.8 9872.7 
2 2 NT 1 18.8 85904.4 11688.3 
2 2 NT 2 8.0 78498.9 7700.8 
2 2 NT 3 8.1 85904.4 9288.5 
2 2 ST 1 16.0 85904.4 10908.8 
2 2 ST 2 8.7 60725.6 10203.1 
2 2 ST 3 7.6 84423.3 9545.5 
2 3 CT 1 16.6 71093.3 11178.9 
2 3 CT 2 8.2 78498.9 9827.4 
2 3 CT 3 7.5 81461.1 9627.6 
2 3 NT 1 18.1 77017.8 10098.2 
2 3 NT 2 9.5 77017.8 9909.7 
2 3 NT 3 8.5 79980.0 9355.6 
2 3 ST 17.3 79980.0 11402.5 
2 3 ST 2 9.2 81461.1 10352.6 
2 3 ST 3 7.6 84423.3 8901.4 
2 4 CT 15.6 88866.7 12174.4 
2 4 CT 2 7.4 79980.0 11009.1 
2 4 CT 3 7.5 84423.3 10543.0 
2 4 NT 1 19.4 90347.8 10771.1 
2 4 NT 2 9.2 82942.2 9320.1 
2 4 NT 3 8.5 84423.3 8550.6 
2 4 ST 15.6 79980.0 14074.3 
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2 4 ST 2 7.4 71093.3 11720.1 
2 4 ST 3 7.8 82942.2 11253.4 
Soybean 
Year Rep Til PD Plants.ha-' Kg.ha-' 
1 CT 470993.3 3133.1 
CT 2 506540 3280.6 
CT 3 488766.7 3394.4 
NT 1 475436.7 3383.6 
NT 2 493210 2910.2 
NT 3 502096.7 3224.6 
ST 1 462106.7 2929.5 
ST 2 510983.3 3342.1 
1 ST 3 475436.7 3383.6 
2 CT 1 466550 3405.7 
2 CT 2 515426.7 3491.7 
2 CT 3 479880 2617.5 
2 NT 311033.3 2573.0 
2 NT 2 426560 2946.5 
2 NT 3 484323.3 2812.5 
2 ST 1 479880 2903.2 
2 ST 2 519870 2634.1 
2 ST 3 426560 3155.7 
3 CT 1 497653.3 3341.4 
3 CT 2 493210 2974.2 
3 CT 3 497653.3 2852.7 
3 NT 1 319920 3325.6 
3 NT 2 462106.7 2946.3 
3 NT 3 470993.3 3579.9 
3 ST 1 431003.3 3289.1 
3 ST 2 515426.7 3386.8 
3 ST 3 488766.7 2934.7 
4 CT 1 502096.7 3023.6 
4 CT 2 510983.3 3424.8 
4 CT 3 484323.3 3494.1 
4 NT 1 395456.7 2902.8 
4 NT 2 408786.7 3254.6 
4 NT 3 506540 3045.2 
4 ST 1 453220 3567.0 
4 ST 2 510983.3 3653.0 
1 4 ST 3 488766.7 2918.8 
2 CT 1 435446.7 1986.2 
2 CT 2 519870 1867.3 
2 CT 3 533200 1655.3 
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2 NT 515426.7 1996.2 
2 NT 2 506540 1882.7 
2 NT 3 488766.7 1913.8 
2 ST 1 488766.7 2139.8 
2 ST 2 528756.7 2047.7 
2 1 ST 3 448776.7 1961.4 
2 2 CT 1 502096.7 1941.1 
2 2 CT 2 519870 1869.4 
2 2 CT 3 466550 1818.8 
2 2 NT 470993.3 2048.0 
2 2 NT 2 493210 1933.1 
2 2 NT 3 515426.7 2479.9 
2 2 ST 435446.7 2285.1 
2 2 ST 2 528756.7 1778.1 
2 2 ST 3 515426.7 1958.7 
2 3 CT 506540 2325.4 
2 3 CT 2 519870 2209.4 
2 3 CT 3 506540 2026.6 
2 3 NT 1 479880 2042.8 
2 3 NT 2 502096.7 2024.0 
2 3 NT 3 537643.3 2115.4 
2 3 ST 1 519870 2373.0 
2 3 ST 2 542086.7 2172.8 
2 3 ST 3 528756.7 2032.1 
2 4 CT 497653.3 2275.4 
2 4 CT 2 515426.7 1998.6 
2 4 CT 3 422116.7 1840.5 
2 4 NT 1 524313.3 1993.0 
2 4 NT 2 462106.7 1946.0 
2 4 NT 3 502096.7 1876.6 
2 4 ST 1 519870 2493.6 
2 4 ST 2 479880 1911. 7 
2 4 ST 3 475436.7 1996.2 
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APPENDIX B. ANALYSES OF VARIANCE 
Corn 









1 VS 2-3 
2 VS 3 
CT VS NT-ST, 1 VS 2-3 
CT VS NT-ST, 2-3 
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Tests of Hypotheses Using the Type III MS for rep*til as an Error Term 
source OF 
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Tests of Hypotheses using the Type III MS for rep*til as an Error Term 
contrast 
CT VS NT-ST 
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Type III SS 
15.69500000 
Mean Square F value 
7.84750000 24.40 
Tests of Hypotheses using the Type III MS for rep*til as an Error Term 
contrast 
CT VS NT-ST 



























Pr > F 
0.0069 
Pr > F 
0.0073 
0.0209 













Pr > F 
0.0013 




source OF Type III SS Mean square F value Pr > F 
r~1 3 38267705. 5 1275 5901. 8 o. 56 0.6471 tl 2 215347247 .1 107673623.6 4.74 0.0222 
rep*til 6 150755260.1 25125876.7 1.11 0.3967 
Pdate 2 397423527.3 198711763.7 8.75 0.0022 
til*Pdate 4 379874006.5 94968501. 6 4.18 0.0144 
Error 18 408757593 22708755 
contrast OF contrast SS Mean Square F value Pr > F 
1 vs 2-3 1 120927168.0 120927168.0 5.33 0.0331 
2 vs 3 1 276496359.3 276496359.3 12.18 0.0026 
CT VS NT-ST, 1 vs 2-3 1 35099042.0 35099042.0 1. 55 0.2297 
CT VS NT-ST, 2-3 1 338011086.7 338011086. 7 14.88 0.0012 
ST VS NT,l VS 2-3 1 4570187.8 4570187.8 0.20 0.6591 
ST VS NT, 2 VS 3 1 2193690.1 2193690.1 0.10 0.7595 
Tests of Hypotheses using the Type III MS for rep*til as an Error Term 
source OF Type III SS Mean square F value Pr > F 
til 2 215347247.1 107673623.6 4.29 0.0698 
Tests of Hypotheses using the Type III MS for rep*til as an Error Term 
contrast OF contrast ss Mean square F value Pr > F 
CT VS NT-ST 1 214981632.1 214981632.1 8. 56 0.0265 
ST vs NT 1 365615.0 365615.0 0.01 0.9079 
ANOVA of pl ants emerged in 2003 
source OF Type III SS Mean square F value Pr > F 
r~1 3 69466853.9 23155618.0 0.81 o. 5023 tl 2 4509251. 9 2254626.0 0.08 0.9240 
rep*ti l 6 281157950.8 46859658.5 1. 65 0.1912 
Pdate 2 210716123. 5 105358061. 8 3. 71 0.0448 
ti l *Pdate 4 222537675.9 55634419.0 1.96 0.1444 
contrast OF Contrast ss Mean square F value Pr > F 
1 VS 2-3 1 41710580. 3 41710580. 3 1.47 0.2414 
2 VS 3 1 169005543.2 169005543.2 5.95 0.0253 
CT VS NT-ST, 1 vs 2-3 1 95075139.3 95075139.3 3.35 0.0840 
CT VS NT-ST, 2-3 1 28563673.5 28563673.5 1.01 0.3293 
ST VS NT,l VS 2-3 1 13207842.7 13207842.7 0.46 0. 5041 
ST VS NT, 2 VS 3 1 85691020.5 85691020.5 3.02 0.0996 
Tests of Hypotheses using the Type III MS for rep*til as an Error Term 
source OF Type III SS Mean square F value Pr > F 
til 2 45092 51. 924 2254625.962 0.05 0.9534 
Tests of Hypotheses using the Type III MS for rep*til as an Error Term 
contrast OF contrast ss Mean square F value Pr > F 
CT VS NT-ST 1 30467.9 30467.9 0.00 0.9805 
ST vs NT 1 4478784.0 4478784.0 0.10 0.7677 
ANOVA of corn yield in 2002 
ource OF Type III SS Mean square F value Pr > F 
r~1 3 1592394.395 530798.132 1. 32 0.2975 tl 2 3675762.550 1837881. 275 4. 58 0.0246 
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2 vs 3 
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Tests of Hypotheses using the Type III MS for rep*til as an Error Term 
source DF Type III SS Mean square F value 
til 2 3675762.550 1837881. 275 1.17 
Tests of Hypotheses using the Type III MS for rep*til as an Error Term 
contrast 
CT VS NT-ST 
ST VS NT 






ti l *Pdate 
Error 
contrast 
1 VS 2-3 
2 vs 3 
CT VS NT-ST, 1 VS 2-3 
CT VS NT-ST, 2-3 
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Type III SS 
4931262.237 
Mean square F value 
2465631.118 0.95 
Tests of Hypotheses Using the Type III MS for rep*til as an Error Term 
contrast 
CT VS NT-ST 




































































Pr > F 
0.3735 
Pr > F 
0.1935 
0.6802 













Pr > F 
0.4388 
Pr > F 
0.3453 
0.3929 






Pr > F 
0.0002 
2 vs 3 
CT VS NT-ST, 1 VS 2-3 
CT VS NT-ST, 2-3 
ST VS NT,l VS 2-3 



























Type III SS 
19773922767 
Mean square F value 
9886961383 7.42 
Tests of Hypotheses using the Type III MS for rep*til as an Error Term 
contrast 
CT VS NT-ST 






















1 VS 2-3 
2 vs 3 
CT VS NT-ST, 1 VS 2-3 
CT VS NT-ST, 2-3 
ST VS NT,l VS 2-3 
























































Tests of Hypotheses using the Type III MS for rep*til as an Error Term 
source DF 
til 2 
Tests of Hypotheses using the Type 
contrast DF 
CT VS NT-ST 1 
ST vs NT 1 
ANOVA of soybean yield in 2002 
source DF 






1 vs 2-3 1 
2 VS 3 1 
CT VS NT-ST, 1 vs 2-3 1 
CT VS NT-ST, 2-3 1 
ST VS NT,l VS 2-3 1 
ST VS NT, 2 VS 3 1 
Tests of Hypotheses using the Type 






III MS for rep*til as an Error Term 
contrast SS Mean square F value 
22211112 22211112 0.06 
599700039 599700039 1. 52 
Type III SS Mean square F value 
514021. 9923 171340. 6641 1. 79 
107632.0448 53816.0224 0. 56 
394009.5315 65668.2552 0.69 
28950.7301 14475.3650 0.15 
156204.7418 39051.1854 0.41 
1723165.711 95731.428 
contrast ss Mean square F value 
148. 46772 148. 46772 0.00 
28802.26234 28802.26234 0.30 
6087.43750 6087.43750 0.06 
53778.79524 53778.79524 o. 56 
2113.40285 2113.40285 0.02 
94225.10617 94225.10617 0.98 






Pr > F 
0.0239 
Pr > F 
0.0401 
0.0299 













Pr > F 
0.4977 
Pr > F 
0.8206 
o. 2644 














source OF Type III SS Mean square F value Pr > F 
til 2 107632.0448 53816.0224 0.82 0.4846 
Tests of Hypotheses using the Type III MS for rep*til as an Error Term 
Contrast OF contrast ss Mean square F value Pr > F 
CT VS NT-ST 1 48346.71705 48346.71705 0.74 0.4238 
ST vs NT 1 59285.32772 59285. 32772 0.90 0.3787 
ANOVA of soybean yield in 2003 
source OF Type III SS Mean square F value Pr > F 
re~ 3 200120.0631 66706.6877 4. 54 0.0155 ti 2 77347.9878 38673.9939 2.63 0.0995 
rep*til 6 197289.4765 32881. 5794 2.24 0.0867 
Pdate 2 279216.2244 139608.1122 9.50 0.0015 
til*Pdate 4 251282.3962 62820. 5991 4.27 0.0132 
Contrast OF contrast ss Mean square F value Pr > F 
1 vs 2-3 1 279166.5468 279166.5468 18.99 0.0004 
2 vs 3 1 49.6776 49.6776 0.00 0.9543 
CT VS NT-ST, 1 vs 2-3 1 4749.8406 4749.8406 0.32 o. 5768 
CT VS NT-ST, 2-3 1 70903.1218 70903.1218 4.82 0.0414 
ST VS NT,l VS 2-3 1 155909.1344 155909.1344 10.61 0.0044 
ST VS NT, 2 VS 3 1 19720. 2994 19720. 2994 1. 34 0.2619 
Tests of Hypotheses using the Type III MS for rep*til as an Error Term 
source OF Type III SS Mean square F value Pr > F 
ti l 2 77347.98779 38673.99390 1.18 0. 3707 
Tests of Hypotheses using the Type III MS for rep*til as an Error Term 
contrast OF contrast ss Mean square F value Pr > F 
CT VS NT-ST 1 43696.0453 43696.0453 1.33 0.2929 
ST VS NT 1 33651. 9425 33651. 9425 1.02 0.3508 
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